Background: In clinical research, minimizing patients lost to follow-up is essential for data validity. Researchers can employ better methodology to prevent patient loss. We examined how orthopedic surgery patients' contact information changes over time to optimize data collection for long-term outcomes research. Methods: Patients presenting to orthopedic outpatient clinics completed questionnaires regarding methods of contact: home phone, cell phone, mailing address, and e-mail address. They reported currently available methods of contact, if they changed in the past 5 and 10 years, and when they changed. Differences in the rates of change among methods were assessed via Fisher's exact tests. Whether participants changed any of their contact information in the past 5 and 10 years was determined via multivariate modeling, controlling for demographic variables. Results: Among 152 patients, 51% changed at least one form of contact information within 5 years, and 66% changed at least one form within 10 years. The rate of change for each contact method was similar over 5 (15%-28%) and 10 years (26%-41%). One patient changed all four methods of contact within the past 5 years and seven within the past 10 years. Females and younger patients were more likely to change some type of contact information. Conclusion: The type of contact information least likely to change over 5-10 years is influenced by demographic factors such as sex and age, with females and younger participants more likely to change some aspect of their contact information. Collecting all contact methods appears necessary to minimize patients lost to follow-up, especially as technological norms evolve.
Introduction
To assess the effectiveness of orthopedic treatments, surgeons require long-term outcome data. Minimizing the number of patients lost to follow-up is essential to preserve data validity; yet, this remains a challenge. Unlike clinical trials where patients must return to receive treatment, observational surgical trials are especially prone to data loss as treatment concludes prior to final data collection. Limiting dropout to less than 5% to prevent bias is advocated, 1 while 80% retention is required for study classification as level 1 evidence. 2, 3 Even with less than 20% dropout, studies' results can be biased by non-random dropout. 4 Furthermore, any dropout can negatively impact studies' power. 5 Data missing completely at random or at random may be accounted for via imputation, but proving that patients were truly lost randomly is nearly impossible and introduces critique to any study. Acceptable study retention rates have proven to be difficult to achieve in some orthopedic scenarios, including that of perilunate fractures/dislocations, where long-term follow-up only included one-third of eligible patients. 6 Published methods of retaining patients include obtaining detailed demographic information, contacting patients quarterly, and excluding patients unlikely to comply with follow-up. [7] [8] [9] [10] [11] [12] Alternatively, proprietary services offer to locate patients lost to follow-up but incur costs up to US$50,000. 13, 14 Caution is recommended when considering some of these options, 15 as they may compromise data validity or cross boundaries of ethical appropriateness. 16 A simpler option to attempt to prevent missing data is to obtain exhaustive patient contact information. Yet, there is a balance required to collect sufficient data without introducing study fatigue to participants. Patients' response rates to mail, e-mail, and phone solicitations vary providing little guidance, 17 and in our own institution, we historically only collected one phone number and address to be linked with our billing information. Additionally, the ideal, lasting contact point is unclear, and the current cultural shift away from traditional communication methods, such as having a home telephone, challenges traditional concepts. If we know at the time of enrollment what patient contact information is most and least likely to change during the duration of the study, more accurate listings can be achieved, with increased efficiency and confidence, which can hopefully lead to increased retention rates.
The purpose of this study was to determine how orthopedic surgery patients' contact information changed over time and to determine what impact selfreported patient demographic information had on these changes. We sought to determine the stability of four specific types of contact information: home phone, cell phone, mailing address, and e-mail address. We tested the null hypothesis that there would be no difference over time in the rate of change for each mode of contact.
Materials and methods
We obtained institutional review board approval prior to conducting this cross-sectional study. Written informed consent was obtained from all patients. All patients over 18 years of age were eligible for the study. Patients unable to consent for study participation, lacking English proficiency, and active duty military personnel (and their families) were excluded from the study. Individuals in the military (n = 8) were excluded based on their unique increased propensity for relocation for reasons beyond their control, which is not representative of the larger civilian patient population. As an exploratory analysis, a sample size of 150 patients was our goal. A total of 152 patients were consecutively enrolled over a 3-week period in four orthopedic surgeons' outpatient clinics. No patients declined to participate.
After consent, one of three investigators read the standardized, 29-question survey to participants and recorded their answers. We queried each patient's age, sex, race, and education level, and we obtained more detailed information with six questions for each type of contact information. These questions included ''do you have [contact method x],''''has [contact method x] changed in the past ten years, and if so how many times,'' ''has [contact method x] changed in the past five years, and if so how many times,'' and, ''when is the last year [contact method x] changed.''
Data analysis
Descriptive statistics were produced to characterize the participants. Medians and ranges were used to report the distributions of numeric data. Percentage of the sample that had each type of contact information and the percentage of participants that changed any and all contact information were determined. Fisher's exact tests analyzed for differences in the frequency of contact information possession and changes in contact methods both between groups and among groups based on age, sex, race, and education level. Logistic regression models, both univariate and multivariate, were used to calculate odds ratios (ORs) for differences in the frequency of changing a contact modality at 5 and 10 years for each of the demographic groups. Statistical significance was dependent on p values \0.05 during exact testing or non-overlapping 95% confidence intervals (CIs) for OR determinations, with Bonferroni corrections performed for multiple comparisons. Table 1 provides descriptive data of the participants. Table 2 shows the percentage of the sample that had active forms of each type of contact information and statistical comparisons between the different modes of contact. In all, 51% of participants changed at least one form of their contact information-home phone, cell phone, mailing address, or e-mail address-in the last 5 years. One participant (\1%) changed all of his or her contact information in the past 5 years. In the past 10 years, 66% of participants changed at least one form of their contact information. Seven participants (5%) changed all forms of contact in the past 10 years.
Results
The proportion of participants who changed their cell phone versus home phone versus e-mail address versus mailing address did not significantly differ from one another at either the 5-or 10-year time point, respectively (Table 3) . Whether a participant changed any of their contact information in the past 5 years was influenced by participant age and race. Each additional year in age reduced the odds of a participant changing some of their contact information by 2.2% (OR: 0.978, 95% CI: 0.967-0.989), and non-White participants were 2.40 times more likely to change some of their contact information (OR: 2.40, 95% CI: 1.07-5.35). However, when these two variables were factored in with sex and educational level, only age remained predictive (Table 4) .
Over the past 10 years, female participants were more likely to change some aspect of their contact information compared to male participants (OR: 2.2, 95% CI: 1.1-4.4), and each additional year in age reduced the odds of a participant changing some of their contact information by 2.9% (OR: 0.971, 95% CI: 0.959-0.983). Independently, race and education level did not influence the frequency of change of some form of contact information at the 10-year time point (p . 0.05). Unlike the 5-year data, when all four demographic variables were assessed in a multivariate fashion, age and sex remained significant predictors of change with all other variables held equal (Table 4) , with females being 2.55 times more likely to change (OR: 2.55, 95% CI: 1.22-5.32) and each year in age reducing the odds of change by 3.0% (OR: 0.97, 95% CI: 0.94-0.99). Education level and race were not significant predictors (both p . 0.05).
Discussion
Clinical outcomes require assessment years after delivery of care to determine the effectiveness of orthopedic surgery treatments. To obtain such data, researchers must be able to reach patients years after follow-up may have ceased. Our results demonstrate that the key in collecting contact information for clinical research is variety. If all four methods of contact information that we queried were collected, in this sample, only one patient would have been lost to follow-up at 5 years. While over a 10-year period, the majority of patients will change some aspect of their contact information, only 5% of patients will change all their contact information.
Furthermore, there is not one type of contact information that is least likely to change for all participants, as the rates of change are influenced by sex and age, with females and younger participants more likely to change some aspect of their contact information. We hypothesize that females change their information more frequently secondary to name changes associated with marriage and that younger participants change more frequently due to life changes that occur from 18 to 30 years (becoming independent, new jobs, finishing school). Therefore, we believe it is imperative when conducting a long-term outcome study to collect a variety of patient contact information. While having all forms of contact information does not guarantee success in follow-up with a patient, having multiple methods to try will increase the odds of success.
Our study has several limitations. Only patients from orthopedic surgery clinics at a single, urban, academic medical center were surveyed, which could limit our ability to generalize our results. However, our clinics are representative of all patient types (i.e. traumatic conditions, elective conditions, all payor types), and we believe our patient mix is representative of patients enrolled in prospective, observational, patientreported outcome studies. Second, since this was a cross-sectional survey, the potential for recall bias exists. Third, we are limited by the time frame of our questions. We arbitrarily decided on the 5-and 10-year time points and thus cannot comment on how our results would differ for longer follow-up studies.
Nota et al. 17 assessed whether a specific method of contact with patients would increase the likelihood of a response to a study survey. They found that phone calls provided higher response rates than e-mail or mail and that younger patients were more likely to not respond. Yet, this was only assessed over 3 months. Our study builds on their data and demonstrates for study periods over 5 years, 24% of participants changed their phone number. Together, our studies demonstrate that collecting multiple forms of contact information is likely optimal as no single method ensures perfect responsiveness or stability over time.
A simple solution to finding patients would be a national medical identifier like those employed in other nations, but without such a resource studies have demonstrated how to improve data collection when patients are lost to follow-up-with limitations. Sprague et al. 11 described a variety of methods to limit their loss of participants at follow-up visits extending to 1 year after surgery. One method they employed was not including patients that they deemed unlikely to comply with follow-up instruction, which led to the exclusion of 144 patients, which was 15.8% of their patient population that met inclusion criteria. When this is combined with their actual dropout of 28 patients, for a total of 172 patients from a study group of 909, they approached the 20% dropout cut-off for being deemed a level 1 study. Additionally, by identifying a cohort of patients as being unlikely to comply with follow-up, investigators are introducing a nonrandom bias in their study population, which may affect the validity of the conclusions that the researchers reach.
Other authors discuss a variety of methods that researchers can employ in an attempt to locate patients who are lost to follow-up. Weinberg et al. 14 discuss their method of locating clinical research participants up to 27 years after enrollment in a variety of studies. While this method proved to be quite successful, as they were able to find 84% of the 708 participants, there were a large number of costs-both in terms of time and dollars spent-to implement the protocol. They spent 603 hours and over US$53,000 to achieve their results. Similarly, Louie et al. 13 discuss a much cheaper (only US$16 sans personnel costs) but also time-intensive method (approximately 100 hours); these investigators were able to locate 74% of patients 12 years after surgery. In both instances, these methods add substantial time and cost to conducting a long-term follow-up study. Additionally, there can be ethical concerns with trying to retrospectively find patients' contact information, and in some instances methods are limited by institutional review boards. 16 Our data demonstrate that by being proactive in collecting contact information, researchers may be able to avoid such protocols.
Patterns of communication are changing and will continue to evolve, and it is important that researchers adapt. For example, the ability to send outcome surveys to patients securely via e-mail through database services such as REDCap provides an improved ability to communication with study participants. 18 Yet, the uncertainty of what the future may hold is a challenge. Will research studies more commonly create Facebook, Twitter, or other social media pages to better connect with their participants? [19] [20] [21] Moreover, what future technology that has yet to be discovered or widely implemented will completely change the research or communication process? These are all questions that researchers must consider when designing future studies. 
